Following a methodology proposed by Jantzen and Volpert (2012), we use IRS Adjusted Gross Income (AGI) data for the US (1921US ( -2012 to estimate two Gini-like indices representing inequality at the bottom and the top of the income distribution. We also calculate the overall Gini index as a function of the parameters underlying the two indices. Our findings can be summarized as follows. First, we find that the increase in the Gini from the mid 1940s to the late 1970s seems to be mostly explained by an increase in inequality at the bottom of the income distribution, which more than offsets the decrease in inequality at the top. The implication is that middle incomes gained relative to high incomes but especially relative to low incomes. Conversely, it is rising inequality at the top that appears to drive the rise in the Gini since 1981. Second, inequality at the top of the income distribution follows a U-shaped trajectory over time, similarly to the pattern of the share of top incomes documented by Saez (2003, 2006) and Atkinson, Piketty, and Saez (2011) . Third, the welfare effects of the different forces behind an increasing Gini can be evaluated in light of the Lorenz-dominance criterion proposed by Atkinson (1970) : both top-driven and bottom-driven increases in the Gini appear not to imply strict Lorenz-dominance by previous income distributions, and therefore are not associated with lower welfare in an absolute sense. In a relative sense, however, once average growth rates over the two periods are taken into account, the top-driven increase in inequality since 1981 appears to have been welfare-reducing.
INTRODUCTION
Economic inequality, both regarding income and wealth, has surged to the top of academic and political debates in recent years. The contributions by Saez (2003, 2006) are not only common references for economists, but often provide background information for opinion pieces in the popular press and for political arguments. Their work on compiling the World Top Income Database has allowed Atkinson et al. (2011) to track the patterns followed by top incomes worldwide. One of the most compelling features of these contributions lays in the documented U-shaped pattern followed by the share of top incomes in the US since the 1920s. Starting from the period between the two wars, when the top 1% were capturing up to 20% of total income, top income shares decreased to around 10% and remained stable at that level from the 1940s to the 1980s. A declining top income share during the early 20th century, and stability after WWII until the 1980s, would suggest declining inequality followed by a relatively stable level of inequality. Since the 1980s, the share of top incomes has increased steadily, till being back to pre-Great Depression levels, pointing to rising inequality.
Interestingly enough, it is hard to find support for such a U-shaped pattern when looking at the most common measure of inequality-the Gini index. The Gini has been steadily increasing, without much volatility, since the 1940s, thus pointing toward steadily increasing inequality in the United States.
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In this paper, we provide an analysis aimed at reconciling the contrasting evidence arising from the two measures of inequality. We utilize a methodology proposed by Jantzen and Volpert (2012) , which exploits two interesting features of a well-fitting parametric Lorenz curve model: the apparent repeating patterns of how incomes are distributed among top incomes and bottom incomes. First, about half of all income goes to the top 10% of income earners, roughly half of that goes to the top 1%, half of that to the top 0.1%, and half of that goes to the top 0.01% (Atkinson et al., 2011) , which implies that the Lorenz curve exhibits right self-similarity near the top of the distribution (Jantzen and Volpert, 2012) . Second, Jantzen and Volpert (2012) further observe that the bottom 40% of the distribution appears to be approximately getting about a quarter of the income of the bottom 80%, and the bottom 20% is getting roughly a quarter of the bottom 40%, suggesting that the Lorenz curve is roughly left self-similar at the bottom of the distribution. They then propose a"'hybrid model" that incorporates these behaviors asymptotically toward the respective ends of the distribution.
2 Further, Jantzen and Volpert (2012) exploit left-and right self-similarity to propose two Gini-like indices representing inequality at the top and at the bottom of the income distribution, respectively. We expanded on the existing literature in estimating these two indices as well as the overall Gini using IRS Statistics of Income (SOI) data for estimated Adjusted Gross Income (AGI) over the period 1921-2012. 3 We are then able to evaluate the contribution of both indices to the increase in the US Gini since the 1940s, and find evidence for two different reasons for rising inequality in the US. The period 1940-1977 is marked by an increase in inequality at the bottom of the income distribution that trumps decreasing inequality at the top, while the period 1981-2012 is characterized by rising inequality at the top. Furthermore, our estimates of inequality at the top of the income distribution show a U-shaped pattern that closely mirrors the trajectory of the share of income going to the top 1% of earners in the US as documented by Saez (2003, 2006) . It is important to provide intuition for the two measures of inequality corresponding to the two indices we estimate. On the one hand, the extent of right self-similarity, captured by our estimate for inequality at the top, implies a Pareto-distribution for the upper tail of the income distribution, which is a generally accepted feature.
On the other hand, interpreting inequality at the bottom as captured by left self-similarity deserves more exhaustive elaboration. In 1977, the bottom 80% of income earners captured 50% of total reported AGI. The middle two quintiles took home three quarters of the bottom 80%'s income share, leaving just under a quarter-about 11.6% of total AGI-for the bottom two quintiles. The second quintile also captured roughly three quarters of the total income going to the bottom 40%, leaving a quarter for the bottom quintile. Continuing onward, in 1977 the bottom decile received just over a quarter of the income share going to the bottom quintile. This represents the peak of inequality at the bottom in the period covered by our analysis. For contrast, in 1944 when inequality at the bottom by the Jantzen and Volpert (2012) measure was much less, the bottom two quintiles received approximately a third of the total income going to the bottom 80%, the bottom quintile received roughly a third going to the bottom 40%, and so on.
The implication of inequality at the bottom is that small moves upward in the distribution are associated with disproportionate gains in the share of income captured: moving from the bottom decile to the second decile implies a tremendous increase in the share of the nations' total income. The increase in inequality at the bottom we find from 1944 to 1977 means that the middle of the distribution was capturing a larger share of total income at the expense of the bottom percentiles. In other words, moving on up into the middle class represented substantial gains for those households that were able to do so, while leaving less for those left behind.
Finally, the Lorenz curves corresponding to our estimates can be evaluated in light of the Lorenz-dominance criterion proposed by Atkinson (1970) , according to which-ignoring welfare gains due to increasing real total income per capita-a strictly dominated Lorenz curve implies an absolute welfare loss in terms of income distribution independent of how"'inequality-averse" the social welfare function used to evaluate distributional outcomes is. Our results illustrate that both the period featuring an increase in inequality at the bottom and the more recent period with rising inequality at the top are characterized by crossing Lorenz curves, and therefore do not give rise to strict Lorenz dominance. The implication is that both periods of rising inequality are not necessarily characterized by welfare losses in an absolute sense. Yet it is possible to differentiate between the two periods in a relative sense, once we take into account the fact that the mean of the distribution changes over time. Comparing Lorenz curves for key years, we argue that the bottom-driven inequality increases between the 1940s and the end of the 1970s-a period characterized by strong real GDP growth averaging around 4.4% a year-are not welfare-reducing in a relative sense.
4 Conversely, the top-driven inequality increases between the 1980s and 2012, also coupled with a lower average growth rate of 2.8% per year, appear to be relatively welfare-reducing.
TWO GINIS
The method used to calculate both the overall level of inequality, and the low-and high-Gini coefficients, was proposed by Jantzen and Volpert (2012) based on the aforementioned left and right self-similarity of the observed Lorenz curve. On the one hand, right self-similarity is consistent with a Pareto-distribution of top incomes, and implies that the Lorenz curve has the form L(x) = 1 − (1 − x) q , where x is the cumulative population proportion that receives the L(x) cumulative share of income. On the other hand, left self-similarity implies the Lorenz curve given by L(x) = x p . Combining left and right self-similarity, Jantzen and Volpert (2012) propose the following hybrid 2-parameter model of the Lorenz curve:
This model actually fits into the class of ordered parametric Lorenz curves 4 Average growth, however, lowers to 3.1% per year if the sample is restricted to the 1945-1980 period. discussed by Sarabia et al. (1999) . 5 As it has been documented in both these contributions, the model performs well despite its apparent simplicity. The parameters p and q are easy to estimate from observed Lorenz curve coordinates using nonlinear least squares. Furthermore, an overall Gini coefficient based on (1) can be calculated directly from the estimated parameters, according to equation (2):
where Γ(·) denotes the Gamma function. For comparison, we also estimate the Gini directly from the data used for this study using a typical trapezoidal approximation to the area under the Lorenz curve. Jantzen and Volpert (2012) show that this model allows for the direct calculation of an inequality index G 0 based solely on the level and extent of left self-similarity, and an inequality index G 1 based on right self-similarity.
6 In this sense, G 0 represents inequality at the bottom of the observed income distribution and G 1 captures inequality at the top by directly reflecting the fattening of the power-law tail.
Note that G 0 is a strictly increasing function of p, while G 1 is strictly decreasing in q.
Interpretation
The coefficients given in (3) and (4) are Gini-like indices of inequality in that a larger number indicates greater inequality and that they are bounded between zero and one. The parametric Lorenz curve that gives rise to both, given in (1), implies that the distribution asymptotically follows a simple power distribution near x = 0 and a classical Pareto distribution at the upper end (near x = 1). 7 5 However, the earlier authors did not consider the asymptotic features with respect to self-similarity, nor did they develop the Gini-like indices for inequality at the top and bottom. Also notable is that fitting a parametric Lorenz curve is, in a sense, more general than fitting a specific parametric distribution as has been recent practice in some papers, as Sarabia et al. (1999) point out. 6 Our formulation of G 0 differs from that in Jantzen and Volpert (2012) by a factor of three to ensure that G 0 ∈ [0, 1]. 7 Asymptotic right self-similarity is also consistent with recently popular parametric distribution such as the GB2 or Dagum (see Kleiber and Kotz, 2003) .
As suggested in the Introduction, the interpretation of a high level of inequality at the bottom of the distribution requires some clarification. Basically, a high G 0 (closer to 1) implies that the very bottom percentiles receive a smaller share of total income. Specifically, the bottom decile receives only a fifth of the share of income going to the bottom quintile, and the bottom 5% receive only a fifth of that, and so on. A large G 0 implies that the poor are relatively poorer compared to the middle, but at the same time there are fewer individuals making very low incomes in absolute terms. Figure 1 and Table  1 illustrate the difference between a distribution characterized by high levels of inequality at the bottom versus high inequality at the top. When G 0 is close to zero, then the Lorenz curve near x = 0 is close to linear implying that the income share going to the bottom x% of the population rises roughly proportionally with x, which can be clearly seen in the right panel of Figure 1 . It is only a minor oversimplification to think of high inequality at the bottom of the distribution (high G 0 ) and low inequality at the top as characteristics of a strong middle class: successful attempts to pull oneself out of poverty (or social policies aimed at aiding individuals out of poverty) pay off in spades. Gains beyond that, however, are both modest in scale and frequency. By contrast, a low G 0 but high G 1 (right panel in Figure 1 ) characterizes a distribution where most individuals share relatively little income quite equitably, while a lot of income is reserved to reward top earners exceptionally well. Sarabia et al. (1999) show that there is a straightforward Lorenz ranking that can be established for the model given in (1). We say that distribution
Lorenz Dominance and Welfare
so that the distribution of X is less unequal and welfare superior under the conditions spelled out in Atkinson (1970) .
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Hence, if two distributions give rise to crossing Lorenz curves, they cannot be ranked in terms of welfare without reference to a specific social welfare function and the associated level of inequality aversion. Two distributions can be ranked in terms of the parameters p and q of their respective Lorenz curves when the following conditions hold:
However, the criteria of welfare loss due to inequality as it relates to Lorenz dominance spelled out by Atkinson (1970) presumes that the distributions being compared have the same mean. This is clearly not the case when comparing income distributions for over nine decades. Instead, we consider only the relative welfare loss due to changing inequality and leave aside the possibly off-setting welfare gains due to rising real per capita income.
DATA
We use the IRS Statistics of Income (SOI) data for estimated Adjusted Gross Income (AGI) by size of AGI published as Table 1 .1 in the annual IRS SOI reports (see Internal Revenue Service, 1995, for example). AGI is a widely used measure of pre-tax income from all sources. This dataset has two advantages over the Census Bureau data used by Jantzen and Volpert (2012) , the first being that the series dates all the way back to 1921. Even taking into account some procedural changes to the tax code and reporting of SOI data, a consistent series can easily be constructed from 1944 to 2012. A second advantage is that the data covers the upper tail of the income distribution much better than the top-coded income reports available from the Census. Finally, the fact that the SOI data is binned gives it a very usable format from which it is trivial to construct the Lorenz curve coordinates necessary to estimate p and q.
One important point to note is that the IRS SOI only captures individuals who filed tax returns regardless of whether they reported any taxable income. Our estimates of inequality in pre-tax income specifically only covers returns that reported $1 or more of income. That means that our measure of inequality neglects those who earned nothing or reported losses, and therefore understates the more general social level of inequality in some sense.
The two parameters p and q in (1) were estimated using Stata's nonlinear least squares command, nl. Consistent with the findings by Sarabia et al. (1999) and Jantzen and Volpert (2012) , the fit was very good across years with reported values of R 2 ≥ 0.9995. Figure 2 shows the estimated series of the overall Gini calculated using (2), the G 0 and G 1 indices, and an overall Gini estimate based on a trapezoidal approximation for the area under the Lorenz curve. It is clear that the overall Gini estimated from the parameters of the parametric Lorenz curve is consistent with the trapezoidal approximation. While overall inequality measured by the Gini shows a persistent upward trajectory from the mid 1940s to the present, the movements in G 0 and G 1 reveal that this trend is not driven by the same underlying changes in the distribution during that period. One of the notable discrepancies in the recent literature is that the trend in inequality measured using the Gini does not seem to reflect the patterns in income distribution uncovered by Piketty and Saez's work: specifically, the rise in the share of income going to the top 1% income earners rose much faster recently than inequality measured by the Gini, and the Gini does not show the same U-shaped trajectory during Note: Two estimates of the overall Gini coefficient, and G 0 and G 1 are shown in the figure. Clearly, the overall Gini estimated using (2) is very similar to the Gini estimated based on the trapezoidal approximation of the area under the Lorenz curve.
RESULTS
the 20th century one finds in Saez (2003, 2006) . The reason for this discrepancy is that the overall Gini hides the fact that during different decades in the 20th century, changes in different parts of the distribution of income were responsible for driving the rise in overall inequality. Figure 3 plots the isolated series of G 1 together with the share of income going to the top 1%, and shows a good qualitative correspondence between the two. Tracking changes in the Lorenz curve that imply a bowing out at the top (like that illustrated in the right panel of figure 1 ) separately from changes at the bottom reveals that those changes closely correspond to the changes in top income shares documented by Saez (2003, 2006) ; Atkinson et al. (2011) . By contrast, rising inequality was driven by changes at the bottom of the income distribution from roughly WWII until the end of the 1970s. As discussed earlier and is well known, the post-war period is characterized by distributional gains at the middle. In terms of our analysis, those gains came primarily at the expense of those who remained at the bottom, though the modest decline in G 1 indicates that they also came at the expense of those at the top of the distribution. 
Regime Changes
A simple time series analysis suggests that, while the overall Gini appears to be increasing along a fairly constant trend, the changes in inequality over the period 1944-2012 can be separated into two regimes. There appear to be two breaks in the series of the parameter q-1977 and 1981-and one in the series of parameter p-1977. 9 Prior to 1977, q was on average increasing. 10 Table 2 show the estimated average first differences for each sub-period. 1977-1981 -0.004 -0.006 1981-2012 -0.008 Note: Average first differences before and after the most likely breaks in the estimates series. Statistically significant first differences appear in bold.
9 Based on sequential Chow tests for breaks and choosing the year(s) with the largest test statistic (i.e., an informal Quandt Likelihood Ratio test). Break dates are based on ∆q t = β 0 + u t and ∆p t = γ 0 + v t . Formal tests suggested that first differences of the parameters were stationary and no further lags were necessary. 10 Large fluctuations mean that its first difference is not statistically different from zero.
The on-average increase of q from 1944 until 1977 implies a slow decline in inequality at the top as measured by G 1 , which is apparent in Figure 2 . After 1977, the trend in q reversed and the average first difference was negative (and statistically different from zero at the 2% level), consistent with the observation that inequality at the top was rising. A cautious appraisal suggests that inequality at the top of the income distribution was relatively stable from the end of WWII until 1981, but has been increasing ever since.
By contrast, p was increasing at a statistically significant (at the 1% level) rate prior to 1977, but effectively stabilized (and perhaps began a slow decline) thereafter. From the end of WWII until the late 70s, increasing inequality as measured by the Gini was driven by inequality at the bottom as the distance between low-and mid-level incomes grew.
Considering these changes in light of the ordering suggested by Sarabia et al. (1999) and the welfare implications spelled out by Atkinson (1970) , the impact due to changes in inequality from 1944 to 1977 is ambiguous and depends on a society's degree of inequality aversion. Restricting the attention to distributions at the end-points of that period, the Lorenz curve for the bottom 77% of distribution in 1977 lies strictly below that of that of the 1945 Lorenz curve, while the top 23% of income earners actually experienced a reduction in inequality, as can be seen in Figure 4a . In other words, the bottom 77% of income earners shared 46% of total income less equitably in 1977 than in 1945, because a larger portion of it was concentrated near the middle of the distribution.
At first pass, it seems that the story for the period from 1981 until 2012 is similar: decreases in both q and p suggest again that consecutive Lorenz curves do cross, and that therefore one's judgment about the welfare implications depends on the degree of inequality aversion. When we consider where the Lorenz curves for 1981 and 2012 cross, however, the welfare conclusions seem less ambiguous. For only the bottom 6.6% of income earners was the 1981 Lorenz curve below that of the 2012 curve, suggesting that only the bottom 0.3% of income was more equitably distributed in 2012 than in 1981. The vast majority of the 2012 Lorenz curve lies below that of 1981 and for over 93% of income earners inequality had unambiguously increased (see Figure 4b ). An illustrative comparison is that by 2012, the bottom 77% of income earners shared only about 33% of total income. Only gross indifference toward inequality would suggest the latter represents a welfare improvement due to distributional changes.
In fact, we find that the 2012 Lorenz curve is Lorenz-dominated (i.e., lies strictly below the Lorenz curves for other years) by all distributions prior to 1960 except 1928 and 1929, suggesting that, in Atkinson's sense, the current level of inequality reflects a distribution of income associated with a strictly inferior social welfare compared to almost any year prior to 1960, when welfare gains due to increases in real mean income are not taken into account. Attesting to this is the notably further movement of the Lorenz curve in the last 31 years of the sample compared to the first 37 as seen in Figure 4 .
The referenced welfare changes are, of course, relative due only to changes in the distribution of income and ignoring increases in total income. However, it is not clear that there are total income gains of sufficient magnitude in the latter period to offset the relative negative impact described. As mentioned in the Introduction, real GDP growth from WWII until the 1970s was somewhat higher (4.4%) than from the 1980s until the present (2.8%). While the average growth rate is quite sensitive to the choice of start and end years, there is little evidence that the latter period was characterized by broadly shared gains from growth that would justify putting up with the changes in distribution highlighted here and documented by Atkinson et al. (2011) .
These results offer a far more nuanced picture of how the distribution of income has changed than could be gleaned from changes in the Gini alone. The Gini series suggests near-constant trend of increasing inequality from WWII to the present. Breaking down the Gini into two indices has enabled us to discriminate between an increase in overall inequality driven by the growing distance of middle-class incomes from the bottom, from an increase in overall inequality driven by the growing share of income concentrated at the very top. For this reason, our results complement those documented by Atkinson et al. (2011) and earlier work on the share of top incomes. 
CONCLUSION
This paper has tackled the discrepancy between the U-shaped pattern followed in post-war United States by the share of top incomes on the one hand, and the steadily increasing Gini index on the other. We used the methodology suggested by Jantzen and Volpert (2012) to evaluate the trend in the Gini in light of Gini-like indices representing inequality at the bottom and at the top of the income distribution. In doing so, we made use of the SOI data for AGI, which has enabled us to work with a considerably longer sample period relative to previous contributions. We found that bottom-driven inequality appears to explain the rising Gini up to 1977, thus signaling gains in middle incomes both at the expenses of top incomes and especially bottom incomes; while it is almost entirely gains at the top at the expense of both the middle and much of the bottom that drives the increase in the Gini after 1981.
Moreover, we documented that the time pattern followed by our estimates of inequality at the top closely mirrors the U-shaped trajectory of the share of top incomes found in Saez (2003, 2006) ; Atkinson et al. (2011) .
Finally, we provided an evaluation of subsequent distributions of income (1944, 1977, 1981, and 2012) in light of the Lorenz-dominance criterion, and found that the most recent distribution of income is almost entirely dominated by the distribution at the beginning of the 1980s, and strictly dominated by almost any distribution before 1960. These back-of-the-envelope welfare considerations, however, should be considered preliminary.
